The heterogeneity of the cell population of antibody-producing tissues poses a potentially serious problem in attempts to devise a cell-free system in which the primary interest is to study immunoglobulin synthesis. Since it is believed that proteins intended for excretion are synthesized mainly, if not exclusively, on the membrane-bound ribosomes of the endoplasmic reticulum (ER), and since this reticulum is much better developed in plasma cells than in most other lymphoid cells, it was decided to select the ER membranes of lymph nodes as a protein-synthesizing fraction. This paper shows that it is indeed possible to prepare from lymph nodes a cell fraction consisting almost exclusively of ER microsomal vesicles, which is, in optimal conditions, as active in cell-free protein synthesis as systems derived from liver. A subsequent paper will report the cell-free synthesis, by this cell fraction, of immunoglobulin with antibody activity.' Materials and Methods.-Sprague-Dawley rats of 200-300 gm were injected with 2 X 109 killed H. pertussis (Eli Lilly Co.) in each footpad.
0.01 M.k; pyruvate-kinase, 40 lug/ml; H3-leucine, 6 -1() uc/ml. The amounts of inicrosonmes, (ell sap, pH 5 fraction, or other cell fractions are indicated under Results. Incubations were stopped by precipitation in 0.5 M HCl04; tubes were left 10 min in ice and 20 min at 90'C, centrifuged, and the sediments were washed 3 times with 0.25 M HC104, once with ethanol-ether (3:1), and once with ether. The pellets, dissolved in 0.5 ml of formic acid, were added to 4 ml of ethanol and 15 ml of toluene containing Omnifluor (4 gm/i) (New England Nuclear), and counted in a Packard liquid scintillation counter. Formation of aminoacyl-tRNA was determined similarly with the omission of the 900 treatment, all steps being performed at 4VC. All assays were done in duplicate. Radioactivity measured in control, nonincubated tubes was subtracted from all results.
Proteins were measured by the method of Lowry et al. 4 and RNA by the method of Fleck and Munro.5 Results and Discussion.-Characteristics of the tissue used: Lymph nodes of rats injected in the footpads with H. pertussis appeared especially suitable for establishing a cell-free system for immunoglobulin synthesis, since, in this species, the injection results in a 10-to 20-fold increase in size of the draining lymph nodes associated with massive accumulations of plasma cells. Except for plasma cell tumors, such tissue probably contains the largest available concentration of plasma cells. Electron microscopic study of lymph nodes one week after immunization with H. pertussis shows that only two types of cells are rich in ER: cells of the plasma cell series and large cells with imprecise outlines, present in the medulla between plasma cells, whose exact nature is unknown, but which can tentatively be classified as macrophages or reticular cells (Fig. 1) . Thus, any microsomal fraction selected from such lymph nodes by differential centrifugation would contain mainly the membrane-bound ribosomes of these two types of cells.
Characteristics of the protein-synthesizing cell fractions used: A medium containing 0.88 M sucrose was selected for homogenization, since in high molarity of sucrose, lysosomes appear to be more stable6 and selective separation of rough membranes by differential centrifugation can be achieved more easily. In Sucrose-gradient analysis of the whole 20,000 g supernatant shows microsomes, free polyribosomes, and free single ribosomes ( Fig. 2A) . Centrifugation for 20 minutes at 59,300 gav. gives a pellet which appears to be made selectively of microsomes or fast-sedimenting particles without significant contamination by free ribosomes (Fig. 2B) . After solubilization of the membranes by deoxycholate, the ribosomes in this microsomal fraction are mostly polyribosomes of very heterogeneous size, which are broken down into single ribosomes by mild treatment with ribonuclease (Fig. 2C) . It was not possible to detect polyribosome peaks corresponding to the synthesis of H and L chains of immunoglobulin.
For further characterization, the microsomal pellet was resuspended and submitted to prolonged centrifugation over a layer of medium containing 2 M sucrose; the free ribosomes sediment through high density sucrose, but not the bound ribosomes, which are attached to membranes of low density.9 A small degree of contamination by free polyribosomes, which are undetectable on sucrose gradients probably because they sediment with the microsomal peak, thus becomes apparent, but these free ribosomes do not represent more than 10-20 per cent of the total ribosomal content of the pellet. Electron microscopic study of the pellet shows that it consists mainly of smooth and rough membranes, forming vesicles of variable size (Fig. 3) . The surface layer of the pellet has the same composition, but the bottom contains cell debris, mostly nuclear, representing no more than 2-3 per cent of the total volume. Characteristics of the cell-free system: After preliminary trials, it became apparent that both the concentration of microsomes and the nature of the cell sap or pH 5 fractions are critical factors in cell-free systems derived from lymph nodes (LN).
(1) Effect of microsomal concentration and presence of inhibitors of cell-free protein synthesis on microsomal membranes: Under otherwise optimal conditions, as described later, incorporation of H3-leucine into polypeptide chains is strikingly dependent upon the concentration of LN microsomes: it increases linearly up to microsomal concentrations of 1 mg/ml, then decreases, and is very low at 4 mg/ml. In contrast, when liver microsomes are used, the incorporation increases almost linearly with microsomal concentrations up to 4 mg/ml (Fig. 4) . Protein synthesis proceeds for 20 minutes or more with 0.5 or 1 mg/ml of LN microsomes, but usually stops after 10 minutes with 2 mg and after 5 minutes with 4 mg/ml (Fig. 5) .
Decrease in the efficiency of the system with increase in concentration of microsomes suggested the presence of inhibitors of protein synthesis in the microsomal fraction used. Assays for ribonuclease and acid phosphatase ruled out lysosomal contamination, since the concentration of these enzymes was almost as low as in the liver microsomal fraction, which does not show an inhibitory effect at high concentrations (Table 1) . Inhibiting factors seemed therefore associated with the microsomes themselves, and each of the two steps required for incorporation of amino acids into polypeptides was investigated as a possible target for their action.
(a) Inhibition of binding of amino acids to tRNA by microsomal A TPase: When the formation of H3-leucyl-tRNA is measured in a pH 5 fraction from liver incubated for five minutes in the presence or absence of microsomes, the microsomes have an inhibitory effect which is more marked with LN than with liver microsomes, and is maximal with spleen microsomes (Fig. 6) . Spleen microsomes were used because spleen cell-free systems are even more inhibited by increasing microsome concentration than LN systems.10 When the deacylation of preformed H3-leucyl-tRNA is tested during similar incubations performed in the presence or absence of microsomes, LN and spleen microsomes considerably enhance the speed of deacylation, an effect which can be duplicated, in the absence of microsomes, by adding AMP to the system. This effect of the microsomes of 20 lymphoid organs on the amino acid-tRNA linkage could be explained by an excess of ATPase in these fractions, since a poor aminoacylation of tRNA can result from a rapid hydrolysis of the ATP necessary for the reaction, and accelerated deacylation from accumulation of AMP, the reaction being reversible.1" ATPase assays on microsomal fractions of lymphoid organs showed an activity 7 times (LN) to 15-20 times (spleen) higher than in liver microsomes (Table 1) . That a relative lack in aminoacyl-tRNA, due to an excess of ATPase, is indeed an inhibitory factor in cell-free systems using high concentrations of LN and spleen microsomes is indicated by the enhancing effect (50 to several hundred per cent) in such systems of "preincubating" the pH 5 fraction, i.e., allowing the formation of aminoacyl-tRNA in the absence of microsomes, and also of increasing the efficiency of the ATP-generating system by using 0.03 N1t PEP (increasing the concentration of ATP itself is inhibitory). Such procedures have no effect with low concentrations of LN microsomes or with liver microsomes. resuspended in 1% deoxycholate, and nodes, liver, and spleen on formation of centrifuged 120 min at 105.000 gay.; the Hs-leucyl-tRNA in cell-free system incusupernatant was dialyzed against 0.001 bated 5 min. To reduce the incorporation M Tris-HCl, pH 7.7, and lyophilized. of H3-leucine into protein to a minimum, H3-leucyl-tRNA was provided by a liver microsomes with low incorporating acpH 5 fraction incubated 5 min in presence tivity (long storage at -20'C) were incuof H3-leucine and 19 cold amino acids, bated in the presence of 100 ,gg/ml of reprecipitated at pH 5 and resuspended puromycin, which does not affect the in an incubation medium containing excess formation of aminoacyl-tRNA but precold leucine. Liver polyribosomes (300 vents polypeptide synthesis. The radiojug RNA/ml) were obtained from the activity in tubes washed after hydrolysis pellet from centrifugation of deoxycholateat 90'C (600-800 cpm) was subtracted treated microsomes through 0.5 and 2 M from the radioactivity in tubes washed at sucrose for 4 hr at 105.000 ga... This 4VC. The difference, indicated in the system is dependent on transfer enzyme, ordinate, represents leucyl-tRNA formed supplied by LN pH 5 fraction supernatant during the incubation.
(3 mg/ml).
branes in deoxycholate followed by dialysis to remove the detergent (this destroys the ATPase activity). Addition of increasing amounts of these membrane extracts to a cell-free system progressively decreases its efficiency, but the inhibitory effect is two to three times more marked with membrane extracts from LN than from liver. This inhibition results, at least in part, from an impairment of the "transfer reaction," as can be shown when a system is used (Fig. 7) for studying specifically the transfer of H3-leucyl-tRNA to peptide linkage on the ribosomes. Thus, it is likely that an excess of microsomal "transfer inhibitors" is in part responsible for the poor efficiency of systems with high concentration of LN microsomes.
As further evidence, addition of a activity.'3 With these procedures it is possible to obtain cell-free systems derived exclusively from lymph nodes which function almost as well as systems using liver pH 5 fraction, although the results are less consistent. Characteristics of the system under optimal conditions: With respect to both the amount and duration of amino acid incorporation, LN cell-free systems function optimally with concentrations of 0.5-1 mg/ml of microsomal protein and 2 mg/ml of liver pH 5 Table 2 . It has been reported that cell-free systems derived from spleen are relatively resistant to puromycin and ribonuclease, and this unusual observation was considered to reflect special mechanisms of synthesis for immunoglobulin molecules.'4 This is not borne out by the high sensitivity to these agents observed in the present experiments.
Summary.-A cell-free system has been established from lymph nodes of immunized rats, using as the protein-synthesizing fraction microsomal vesicles with little contamination by other cell particles. The concentration of mierosomes plays a critical role in the efficiency of the system because of the presence on microsomal membranes of high amounts of ATPase and inhibitors of the transfer reaction. The system functions best with pH 5 fractions from liver, but pH 5 fractions from lymph node cell sap are also effective if supplemented by fractions rich in transfer enzymes.
